Background. For patients with progressive breast cancer brain metastasis (BCBM) after whole brain radiotherapy (WBRT), few options exist. Patupilone is an epothilone that crosses the blood-brain barrier. We hypothesized that patupilone would produce a 35% 3-month CNS progression-free survival in women with BCBM after WBRT.
Breast cancer brain metastases (BCBMs) are the second most frequent cause of CNS metastases. 1 BCBMs are becoming more prevalent with improved systemic therapies for this malignancy. 2, 3 In addition, patients, especially those with human epidermal growth factor receptor-2+ disease, are surviving longer after the diagnosis of brain metastases. 3, 4 Novel therapies for this growing patient population are needed.
Patupilone (epothilone B, EPO906) is a naturally occurring member of the epothilone class of microtubule-stabilizing drugs, derived from the myxobacterium Sporangium cellulosum. 5 Although epothilones and taxanes both induce microtubule polymerization, important differences exist between these classes of drugs. First, taxanes and epothilones interact with the binding pocket of b-tubulin in distinct manners. 6 Patupilone is 3-to 20-fold more potent in vitro than paclitaxel and docetaxel. 7 Second, patupilone is a poor substrate for P-glycoprotein and other multidrug transporter proteins that mediate resistance to many cytotoxic agents, including taxanes. 8 Thus, patupilone inhibits growth of a broad range of human tumors in vitro, including those that are intrinsically unresponsive to paclitaxel or that have acquired resistance to this and other cytotoxic agents. 9 Because the P-glycoprotein efflux pump impairs transit of drug across the blood -brain barrier (BBB), patupilone, unlike taxanes, is able to penetrate the BBB in murine models. 10 Patupilone has demonstrated activity against breast cancer with objective responses in several early-phase clinical studies. 11, 12 Based on this favorable clinical activity, as well as its ability to cross the BBB, a multicenter phase II trial of patupilone for treatment of BCBM was conducted.
Materials and Methods

Study Design
This was a phase II trial for patients with breast cancer and CNS metastases. Two groups were included. Group A subjects, the primary group for which the trial was powered, were patients with progressive, radiographically measurable parenchymal brain metastases after whole brain radiotherapy (WBRT). Group B subjects, an exploratory cohort of 10 patients, had either metastases of leptomeningeal disease (LMD) or unirradiated, asymptomatic BCBM. Although the analysis of Group B was not intended to be statistically robust, this patient population is frequently not included in clinical trials. It was therefore elected to include these patients with the idea that responses in this group might prompt further investigation for these patients. The primary endpoint was the 3-month CNS progression-free survival (PFS) in Group A patients. The primary study objective was to observe a 3-month CNS PFS rate of at least 35% in Group A. Secondary objectives were to describe the toxicity and to determine the CNS response rate, systemic response rate, and overall survival (OS). The exploratory objective was to observe a signal of activity in Group B patients. No effort was made to enroll an equal number of patients with LMD and unirradiated patients.
Eligibility
Two cohorts of patients (Group A and Group B) with histologically proven breast cancer and CNS metastases were eligible for this trial. Eligible patients were neurologically stable with Karnofsky performance scores ≥60 and life expectancy of ≥3 months. Additional eligibility criteria included: absolute neutrophil count .1.5×10 9 /L; hemoglobin .9.0 g/dL; platelets .100×10 9 /L; total bilirubin ,1.5× upper limit of normal (ULN); aspartate aminotransferase, alanine aminotransferase ,2.5× ULN; alkaline phosphatase ,2.5×ULN; and serum creatinine ,1.5×ULN. For patients whose only evaluable CNS lesion(s) had been treated with stereotactic radiosurgery, radiographic (eg, PET, MR spectroscopy) or histologic proof of progressive disease was required to exclude radiation necrosis. Patients were permitted to continue hormone therapy and/or trastuzumab but no other concurrent chemotherapy. Exclusion criteria included prior therapy with epothilones or the concurrent use of warfarin. All patients were required to give institutional review board -approved written informed consent.
Treatment
This was a multicenter, single-arm, phase II clinical trial conducted at the Cleveland Clinic, at Massachusetts General Hospital, at Memorial SloanKettering Cancer Center, and at the University of Michigan. Patients received patupilone 10 mg/m 2 as a 20-min intravenous infusion once every 3 weeks until the occurrence of disease progression or unacceptable toxicities. Contrast-enhanced MRI of the brain and CT scans of the chest and abdomen were obtained every 2 cycles of therapy. For patients with LMD and normal MRIs of the brain and spine, CSF cytology was repeated every 2 cycles. Dose modifications were standardized for significant toxicities graded according to the National Cancer Institute's Common Toxicity Criteria v3.0. In addition, an algorithm was established to manage diarrhea promptly, as this was the dose-limiting toxicity in prior studies of this agent.
Response Criteria
Responses were assessed using bidimensional measurements with the following response definitions. These definitions were applied separately to CNS disease and systemic disease: complete response (CR) ¼ resolution of all tumors, with the patient off all steroids or on adrenal maintenance only; partial response (PR) ¼ decrease of .50% in the sum of the products of 2 diameters of all lesions with the patient off all steroids. CR or PR could be assigned only if confirmed by a CT/MR scan performed a minimum of 4 weeks after the initial scan on which the response was identified. Progression ¼ increase of .25% in the sum of the products of 2 diameters of all lesions provided that the patient had not had his/her dose of steroids decreased since the last evaluation period; stable disease (SD) ¼ absence of the criteria for CR, PR, or SD on stable or decreasing doses of steroids. Radiographic responses were not centrally reviewed.
Statistical Considerations
The primary endpoint for the study was the 3-month CNS PFS in Group A patients. Secondary endpoints included toxicity, CNS response rate, systemic disease response rate, and OS. The study was powered for the patient group with radiographically measurable parenchymal brain metastases progressive after WBRT (Group A). For this group, a 3-month CNS PFS of 35% was considered to be worthy of further study, whereas a 15% rate was considered to be not meaningful. The 3-month CNS PFS of 35% as an indicator of efficacy was based on 2 studies of chemotherapy doublets in brain metastases, which demonstrated 3-month CNS PFS rates in the range of 22%-50%. 13, 14 Forty eligible and evaluable patients were required to yield the maximum half-width of a 95% confidence interval (CI) of 0.16 about a particular quantile (based on the binomial distribution). Therefore, Group A included 40 patients. The exploratory cohort of Group B was set at 10 patients based on estimates that this number of patients could be accrued during the enrollment period of Group A. Assuming a 10% rate of inevaluable patients, the final sample size was 55 patients.
Results
Patient Characteristics
Fifty-five patients were treated on this study between February 2007 and May 2010, all of whom were considered eligible. Table 1 summarizes the patient characteristics. All patients were female; the median age at study entry was 50 years (range, 31 -68), and all but 3 patients had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1.
Treatment Administration
All patients had discontinued therapy. A median of 2 cycles (range, 1 -18) of therapy were delivered. Twenty-three percent (12/53) of patients with data had dose reductions-10 had single 25% decreases and 2 had multiple reductions. Overall 79% (138/174) of cycles were delivered at full dose. Patients discontinued therapy primarily for progressive disease (84%, 46/55). Seven patients withdrew consent (due to diarrhea and/or neuropathy), 1 patient was removed by the physician due to progressive neuropathy, and 1 patient experienced sudden death during cycle 1 of treatment.
Progression-free and Overall Survival
The median time to CNS progression (patients who discontinued therapy for systemic disease progression were censored as of the treatment stop date) was 1.5 months (95% CI: 1.3-2.4). The estimated 3-month PFS was 27%+7%. The study therefore did not meet its goal of 35% 3-month CNS freedom from progression.
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The estimated 6-month PFS was 8%+5%. All patients died. The median survival was 12.7 months (95% CI: 6.6-21). Figure 1 shows Kaplan -Meier curves for both OS and PFS. With the exception of ECOG performance status and concurrent trastuzumab therapy, none of the factors in Table 1 was associated with outcome (all P values ≥.11). Patients with ECOG performance status 0 had significantly better PFS and OS than patients with ECOG performance status 1 or 2 (PFS: median 2.9 vs 1.4, respectively, P ¼ .02; OS: median 20.7 vs 5.7, respectively, P ¼ .04). Improved PFS and OS were also seen in patients who continued to receive trastuzumab while on study (Ps ¼ .08 and .02, respectively), although the continuation of such therapy may reflect a patient subgroup whose systemic disease was under control at study entry.
Responses
No CRs occurred. Among 38 patients with measurable disease, 5 (13% [9% of all patients]) had confirmed PR of brain metastases that lasted 2.7+ to 5.2 months. The overall response rate was therefore 9%. One patient had an unconfirmed PR. Eleven (29% [20% of all patients]) had short-term (,3 mo) SD, and 39 patients (71%) progressed. The 38 patients with measurable disease had a median (best change) 12% increase in brain tumor burden (range, 72% decrease to 230% increase) with 16 (42% [29% of all patients]) demonstrating at least some reduction (median 43% reduction; Fig. 2) . None of the factors in Table 1 was associated with improved response (all P values ≥.30).
Exploratory Cohort
Ten patients, 5 with no prior radiation and 5 with LMD, were enrolled on the study. No radiographic or cytologic responses occurred. In each group, only 1 patient survived 3 months free of CNS progression. The remaining 8 patients had CNS progression at 1 -2 months.
Systemic Responses
Radiographic responses in systemic disease occurred in 8 patients (15%), with 1 CR (liver metastases); 7 PR (lung 3; liver 2; lymph node 1; breast 1). Stable systemic disease occurred in 18 patients (33%), while the remainder (53%) had either progression or incomplete data to judge response. Table 2 summarizes adverse events considered at least possibly related to treatment. Toxicities on this trial were predominantly gastrointestinal (GI). Diarrhea was the most common toxicity, occurring in 87% of patients. Twenty-five percent of patients on the study experienced grade 3 diarrhea. Nausea and vomiting occurred in 60% (grade 3 in 5%), and fatigue occurred in 82% of patients (grade 3 in 9%). Overall, 3 patients (5%) experienced grade 4 events, including anemia, neutropenia, and hypokalemia, the latter of which was likely due to diarrhea. No toxic deaths occurred. One patient died suddenly at home within 1 week of starting treatment.
Adverse Events/Toxicity
Discussion
This clinical trial achieved a 3-month CNS PFS of 27% but unfortunately failed to meet its primary objective of 35% 3-month CNS PFS. Several factors may contribute to this result. A significant number of patients withdrew consent prior to 3 months, a reflection of poor tolerance of therapy in this heavily pretreated patient population. The toxicity profile, however, appears comparable to that observed in other trials of patupilone. 12, 15, 16 Despite preclinical evidence of BBB penetration, it is not known whether concentrations within the metastases reached cytotoxic levels. One presurgical trial of patupilone in recurrent glioblastoma, however, did document tumor drug levels 30 times that of plasma. 17 Although patupilone is not a substrate for P-glycoprotein, other mechanisms of drug resistance exist, particularly in a patient population generally heavily pretreated whose tumors often demonstrate resistance to multiple agents. One resistance mechanism Peereboom et al.: Patupilone in breast cancer brain metastases against patupilone in particular is the Gli1 protein, a transcription activator in the hedgehog pathway. 18 Various beta-tubulin isotypes can also mediate resistance to patupilone. 19 Somewhat surprisingly and disappointingly, those patients who had not received prior WBRT fared poorly, with no responses. Although this cohort was too small to allow statistically sound conclusions, the response rates of chemotherapy in previously unirradiated brain metastases have generally appeared to be comparable to rates achieved in non-CNS metastases and greater than those achieved in patients post-WBRT. 20 -22 The poor results with LMD patients is less surprising because these patients typically have disease that is poorly responsive to therapy, perhaps due to failure to achieve cytotoxic concentrations in the CSF. Cerebrospinal concentrations of patupilone have not been measured.
Patupilone showed some activity in systemic disease. Although the trial was not designed to compare CNS with systemic disease responses, the number of patients (26 [47%] ) with responses or stable systemic disease appears to be greater than that in the CNS (16 [29%] ).
Patupilone has been tested in other clinical trials of CNS malignancies. A phase I trial of patupilone with concurrent radiotherapy included 17 patients with brain metastases. 23 A trial of patupilone in patients with brain metastases from non-small-cell lung cancer demonstrated a response rate of 36%. 24 Other epothilones have been explored in brain metastases. Although ixabepilone is the only approved epothilone for patients with breast cancer, it has not been studied specifically for brain metastases. A trial of sagopilone, a second-generation epothilone, in women with BCBM demonstrated modest activity, with a CNS response rate of 13% and PFS of 1.4 months. 25 Additional trials of chemotherapy in patients with recurrent BCBM after radiation therapy have reported response rates of 6%-20%. 13, 26, 27 The results of the current trial This trial has several limitations. The patients, despite having a uniform primary site, had a variety of molecular subtypes. Although overexpression of tubulin-b-III has been associated with efficacy of patupilone and other epothilones in gynecological malignancies, these markers were not assayed in this trial because this association was not known at the time of trial design. 28 The trial setting-progression after WBRT-selects a heavily pretreated population whose tolerance of chemotherapy may be impaired. Although the small numbers of previously unirradiated patients in this study fared poorly, a number of pre-irradiation chemotherapy trials suggest that this setting would offer a better opportunity to observe activity of an agent of interest.
In conclusion, patupilone in this setting was ineffective in the CNS and caused significant GI toxicity. As CNS metastases become a more prevalent manifestation of breast cancer, further study of agents with BBB penetration should be conducted in biomarker-enriched populations of patients.
